a b s t r a c t Leishmaniasis is an infectious disease caused by protozoa of the genus Leishmania transmitted by insects of the genus Lutzomyia sp. or Phlebotomus sp. The main syndromes are cutaneous leishmaniasis, mucocutaneous leishmaniasis, visceral leishmaniasis (kala-azar) and post-kala-azar dermal leishmaniasis. This article reviews kidney involvement in cutaneous and visceral leishmaniasis, highlighting the aspects of their pathophysiology, clinical manifestations, histopathological findings, outcome and treatment.
Introduction
Leishmaniasis is an infectious disease caused by protozoa of the genus Leishmania transmitted by insects of the genus Lutzomyia sp. or Phlebotomus sp. 1 There are more than 20 species of leishmanias causing clinical manifestations in humans, and the main syndromes are cutaneous leishmaniasis, mucocutaneous leishmaniasis, visceral leishmaniasis (kala-azar), and post-kala-azar dermal leishmaniasis. 2 This article reviews kidney involvement in cutaneous and visceral leishmaniasis. seen in one case. Mean value of maximum serum creatinine (SCr) levels during hospital stay was 1.6 ± 0.6 mg/dL. Risk factors for AKI were advanced age, longer time between symptom onset and hospital admission and longer hospital stay. Complete renal function recovery was observed in 11 cases (64.7%) at the time of hospital discharge. 5 This same study found urinary abnormalities, including proteinuria (4.1%), hematuria (4.1%) and leukocyturia (5.4%). Hypokalemia was found in 12.3% of cases. 5 Proteinuria and AKI had been previously reported in other studies. 6, 7 Decreased urinary concentrating ability, with no reduction of glomerular filtration rate (GFR), was demonstrated by Veiga et al., 8 who studied an animal model of leishmaniasis treated with high doses of meglumine antimoniate. This abnormality in urine concentration results from the action of antidiuretic hormone (ADH) and also by a direct action of the drug in tubular cells. 8 High doses of antimonial drugs also cause a reduction in GFR.
ACL is highly prevalent in the state of Ceará, Northeast of Brazil. Low treatment adherence favors the development of the mucocutaneous forms, which requires higher doses of antimonial drugs for longer periods, which, in turn, increases its toxicity even further. A recent study was performed in this region in order to investigate renal abnormalities in patients with ACL. Oliveira et al. 9 studied 37 patients with confirmed diagnosis of ACL, performed urinary concentration and acidification tests and also investigated the expression of urinary exosomes in the urine of these patients. 3 Urinary concentration deficit was found in 77% of cases. The expression of aquaporin was significantly reduced, while NKCC2 was increased, in comparison to that in a control group. Urinary acidification deficit was less frequent (40.5%). The expression of NHE3, H + -ATPase and pendrin was significantly higher among patients than in controls. 3 In this same cohort, a urinary concentration deficit was shown in 27 cases (77%) before treatment with Glucantime ® , while after treatment it was observed in 31 patients (88%) (p = 0.344). It is then possible that ACL can cause urinary concentration deficit and specific treatments do not decrease this defect, although it does not cause significant renal function impairment.
Combined defects (concentration and acidification) were seen in 12 patients. Comparing the patients with and without tubular dysfunction, there were no differences regarding age, gender, time of disease, and number of cutaneous lesions. There was no significant abnormality regarding excretion fraction of sodium, potassium, calcium and phosphate. There was a significant difference in serum magnesium concentrations between patients with and without acidification deficit (2.15 ± 0.06 vs. 2.33 ± 0.04, p = 0.02). No patient with urinary concentration or acidification deficit had albumin/creatinine ratio >30 mg/g 3 .
Other infectious diseases with predominant involvement of skin and nerves, such as leprosy, can also lead to glomerular dysfunction. Oliveira et al., 9 in a prospective study with 59 patients with leprosy, showed decreased GFR in 50% of cases when considering GFR < 80 mL/min/1.73 m 2 , and in 5% when considering GFR < 50 mL/min/1.73 m 2 .
Microalbuminuria is a known marker of glomerular dysfunction in diabetes mellitus 10 and also in cardiovascular diseases. 11, 12 Microalbuminuria higher than 30 mg/g creatinine was observed in 35% of patients with ACL followed in a health center in the state of Ceará, Brazil, before specific treatment, and in only 8% of patients after treatment, 3 suggesting the presence of incipient glomerular lesion induced by ACL itself, without concomitant GFR decrease.
Urinary exosomes were also found to be altered in ACL. 3 Some studies have shown that aquaporin-2 (AQP2) is excreted in urine in the form of vesicles. Its amount correlates with circulating levels, and is used in studies to investigate body water balance. 13, 14 In the cohort of patients with ACL studied by Oliveira et al., 3 an increased percentage of patients with urine concentration deficit was observed and this was associated with lower expression of AQP2. 3 The increase in the expression of NKCC2 can occur as a compensatory mechanism. Abnormalities in the transporters involved in acid-base regulation were also observed, including an increased expression of NHE3 (proximal tubule), H-ATPase and pendrin (distal tubule) in patients with ACL, which could explain the urinary acidification deficit. 3 Pentavalent antimonial drugs are rapidly eliminated through the kidneys, 15 so their use should be avoided in patients with renal dysfunction, due to cardiotoxicity and renal function worsening. Urinary concentrating defect has also been described and the heavy metal used in antimonial composition is the main factor responsible for the toxicity. 16 AKI may be due to massive deposition of immune complexes formed after Leishmania destruction by antimonial drugs, a phenomenon similar to that of Herxheimer reaction. 17 Sampaio et al. 18 evaluated 11 patients with ACL who received a double dose of antimonials (40 mg Sb v /kg/day for 30 days), and observed that one patient developed AKI. Eight patients showed a decrease in GFR after 30 days of treatment. They also observed distal and proximal tubular dysfunction, evidenced as a decrease in urinary concentration ability and increased sodium excretion fraction.
Rarely, treatment with meglumine antimoniate can cause AKI due to interstitial nephritis. 16 At low doses and for a short period, pentavalent antimonial shows low renal toxicity. In ACL treatment, however, it is many times necessary to use higher doses of pentavalent antimonial, which increases toxicity.
Visceral leishmaniasis
Visceral leishmaniasis is a chronic, lethal, parasitic disease, caused by the Leishmania parasite, an intracellular protozoan. A large spectrum of clinical manifestations accompanies the Leishmania attack on reticuloendothelial tissues -liver, spleen, bone marrow, lymph nodes, and the digestive system. Symptoms range from irregular and recurrent fever to pancytopenia, hemorrhagic spells, and liver and spleen enlargement. 19 Kidney involvement in chronic leishmaniasis is frequent and associated with increased mortality. It is endemic in southern Europe and in tropical and sub-tropical areas of the globe, with a worldwide incidence of approximately 0.5 million cases/year. 20 When untreated, its mortality rate can reach 95%. Among the so-called tropical diseases, kala-azar is one of the WHO's priorities. Endemic in Brazil, its agent is Leishmania chagasi. Humans are infected through the vector insect, Lutzomyia longipalpis. 21 Kala-azar diagnosis is confirmed by demonstrating the presence of the parasite in tissues using Giemsa stain, in addition to detection of parasite antigen K-39. 19
Kidney involvement in visceral leishmaniasis
Patients presenting with chronic kala-azar can have mild proteinuria, microscopic hematuria and leukocyturia. Hypoalbuminemia, hypergammaglobulinemia and increased plasma levels of both IgG and b2-microglobulins were found in a group of 55 patients with visceral leishmaniasis. 22 Increased albumin excretion has been observed in 44% of patients. Proteinuria consisted predominantly of low molecular weight protein fractions that migrated with alpha1, alpha2, beta, and especially gammaglobulins. Urinary b2-microglobulin excretion was elevated in all patients. Microalbuminuria was detected in more than 40% of patients with visceral leishmaniasis, even in those with normal creatinine levels. 23 Interstitial nephritis with glomerular changes can be seen. A mesangial proliferative lesion is often found, yet a membranoproliferative lesion is not rare. 19 Additionally, amyloid deposits can occur in chronic disease. Yet, renal involvement is usually mild and transitory. Loss of kidney function and urinary sediment changes have been reported in visceral leishmaniasis. Prospective studies with kala-azar patients have demonstrated hematuria, mild to moderate proteinuria, and increased urine leukocytes in over 50% of cases. 24 A large, retrospective study demonstrated that more than 11% of patients with chronic Leishmania disease had decreased filtration rate at hospital admission -with anti-parasitic therapy, changes disappear. Table 1 depicts known kidney involvement in kala-azar. Interestingly, hypoalbuminemia, polyclonal hypergammaglobulinemia and leukopenia usually occur in chronic leishmaniasis. 19 Other less frequent disorders have been described in visceral leishmaniasis, including hormone and electrolyte abnormalities. In a study by Limar Verde et al., of 72 patients with visceral leishmaniasis, plasma ACTH (corticotrophin) was found to be significantly higher among patients in comparison to normal subjects, as well as plasma renin activity. Primary adrenal insufficiency was observed in half of the patients: they showed low aldosterone/renin plasma ratio, low daily urinary aldosterone excretion and low transtubular potassium gradient. In the same study, all patients had normal plasma ADH concentrations, hyponatremia, and high urinary osmolality, and more than half of the patients had low plasma parathyroid hormone and hypomagnesemia. In another study from the same group, of 55 patients with visceral leishmaniasis and 20 normal individuals, hyponatremia and high urinary sodium were detected in all patients, suggesting persistent ADH secretion with no evidence of extracellular volume depletion. Normal plasma ADH levels were observed in kala-azar patients. The syndrome of inappropriate ADH secretion could be responsible for these findings. 25 Electrolyte disturbances found in patients with visceral leishmaniasis include hyponatremia (94.6%), hypokalemia (26%), hypochloremia (27.2%), hypocalcemia (32%), and hypomagnesemia (41.8%). 22 Increased urinary excretion fraction of sodium, potassium, chloride, calcium, inorganic phosphate and uric acid was found in one-third of the patients. Urinary excretion fraction of magnesium was high in all patients. 22 Urinary concentration and acidification defects were also found in patients with visceral leishmaniasis. 26 There are some differences between adults and children with visceral leishmaniasis. The time between symptom onset and beginning of treatment is usually longer in adults (89.5 vs. 48.5 days, p < 0.001). Treatment failure with glucantime is more common in adults (17.6% vs. 8.8%, p = 0.008). AKI associated with visceral leishmaniasis, which was observed in 37% of cases, is more severe in adults. Risk factors for AKI in adults were hypokalemia, leukopenia, chills and amphotericin B use. In children, secondary infections were found to increase the risk for AKI. 27 AKI can be found in a significant proportion of patients with visceral leishmaniasis. 28, 29 In a study of 146 children with visceral leishmaniasis, AKI was found in 45.9% of cases.
Patients in the AKI group were significantly younger, and had jaundice and secondary infections more often than non-AKI patients. The AKI group had significantly lower serum sodium, potassium, and albumin levels, elevated serum globulins and a more prolonged prothrombin time. The risk factors for AKI were secondary infections (OR: 3.65, p = 0.007), serum albumin decrement (OR: 1.672, p = 0.019), and high serum globulin (OR: 1.35, p = 0.029). 28 In a study of 224 adults with visceral leishmaniasis, AKI was observed in 33.9% of cases, and the risk factors for AKI were male gender (OR: 2.2; p = 0.03), advanced age (OR: 1.05; p < 0.001), and jaundice (OR: 2.9; p = 0.002). Table 1 summarizes previous reports on kidney involvement in visceral leishmaniasis.
Pathophysiology
Most parasitic diseases evolve into chronic illness, with fluctuations in antigenemia and host response. There are several possible explanations, such as low natural immune response or the parasite's ability to evade the host immune system attack. It has been demonstrated that development of host resistance is usually dependent upon T-CD4+ cells producing 35 interferon gamma (IFN) -a TH1-type cell. However, a mixed TH1 and TH2 response seems to be involved in extracellular parasite eradication. 30 The Leishmania is able to manipulate the host immune system by inducing the production of growth factor b, a macrophage-inhibiting cytokine, and interleukin-10, besides interfering in IFN-gamma signaling, all of which affect cellular immune response and induce polyclonal B-cell activation, which has been associated with kala-azar glomerular disease. 30 Antibodies produced in response to infection can be trapped in glomeruli by different mechanisms, such as immune complexes, in situ development of complexes (antibodies linked to previously implanted glomerular antigens), or directly attached to glomerular antigens. Yet, recent studies demonstrated that antibodies alone do not explain the occurrence of proteinuria. 30, 31 Macrophages, granulocytes, and natural-killer lymphocytes are all part of host defenses, and participate in the genesis of glomerular lesions through an intricate chain of cytokines and inflammatory mediators, as demonstrated experimentally. 30, 31 It is possible that reduced tubular concentration and acidification functions are caused by IgG overload of tubular cells, in patients presenting with major changes in plasma globulin levels. 32 A distal tubule acidification defect can occur.
Histopathology
Mesangial proliferative, membranoproliferative, and collapsing FSGS seem to be the patterns that are most frequently seen in association with kala-azar nephropathy, the severity of which can vary from mononuclear interstitial infiltration to a severe, diffuse, inflammatory infiltrate consisting of macrophages, lymphocytes and plasma cells. 33 On immunofluorescence microscopy, IgG, IgM, IGA and C3 deposits in the mesangial matrix can be found. 33 Experimentally, tubular and interstitial lesions have been the most frequently seen kala-azar-associated kidney lesions. However, amyloid deposits and rapidly progressive glomerulonephritis with nephrotic syndrome have been reported in human leishmaniasis. 34, 35 Experimental infection by L. donovani can result in amyloid deposition, following an initially diffuse proliferative glomerular lesion. 36 The finding of the amastigote forms in the kidney is a rare event, yet it is possible to identify Leishmania antigens in inflammatory infiltrate. 30 Figs. 1 and 2 illustrate the pathological findings in visceral leishmaniasis.
Treatment
Pentavalent antimonial compounds are still the drugs of choice when treating visceral leishmaniasis. However, amphotericin B might be equally effective. Kidney alterations usually disappear soon after infection control.
